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PREFACE 


In  1975,  the  Metropolitan  Taxicabs  Board  of  Trade,  an  associ- 
ation of  taxicab  companies  in  New  York  City,  installed  a 100  HP 
diesel  engine  in  a Chrysler  taxicab  in  order  to  evaluate  the 
operating  characteristics  of  a diesel  powered,  full-siz-e  cab. 
Results  showed  a doubling  of  the  fuel  economy  and  much  lower 
hydrocarbon  and  carbon  monoxide  emissions  when  compared  to  the 
gasoline  powered  cab.  In  1976,  in  order  to  further  evaluate  the 
operational  characteristics  of  diesel  taxis,  the  DOT  Urban  Mass 
Transportation  Administration,  Office  of  Bus  and  Paratransit 
Technology,  in  conjunction  with  the  Office  of  the  Secretary  of 
Transportation,  requested  the  DOT'S  Transportation  Systems  Center 
to  carry  out  a field  test  of  a statistically  significant  number  of 
diesel  taxicabs.  The  objective  of  the  field  test  was  to  assess 
the  impact  of  dieselization  of  taxis  on  fuel  economy  and  emissions 
in  a large  metropolitan  area. 

This  report  was  prepared  by  the  Office  of  Energy  and  Environ- 
ment of  the  Transportation  Systems  Center  for  the  Urban  Mass 
Transportation  Administration.  It  describes  road  and  laboratory 
tests  and  presents  the  results  obtained. 

The  author  wishes  to  acknowledge  the  assistance  and  guidance 
of  the  following:  William  Raithel,  Richard  Strombotne,  Philip 

Morgan,  and  John  Ridgley. 
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1.  INTRODUCTION 


The  objective  of  the  study  was  to  assess  potential  improve- 
ments in  fuel  economy  and  exhaust  emissions  by  diesel ization  of 
the  taxi  fleet  in  a large  urban  area.  Pace  Project  Inc.,  Bronx, 
N.Y.,  was  selected  to  carry  out  road  and  laboratory  tests  using 
66  diesel  cabs  with  66  gasoline  cabs  as  controls.  All  cabs  were 
Dodge  Coronets  with  the  same  accessories  and  no  air  conditioning. 
The  gasol ine - fueled  cabs  were  powered  with  the  Chrysler  slant  6- 
cylinder,  225  CID  engine.  The  diesel - fueled  cabs  were  retrofit- 
ted by  Vehicle  Technology  Inc.,  with  the  Chrysler-Nissan  6 cylin- 
der CN633,  198  CID  engine.  These  engines  met  the  requirements 
that  the  cabs  were  to  be  powered  by  engines  of  six  cylinders  or 
more  with  displacements  greater  than  183  CID  and  that  the  diesel 
cabs  were  to  use  a drive  train  that  had  been  tested  in  taxicab 
service  for  a minimum  of  10,000  miles. 

Specifically,  the  goal  of  the  test  was  to  collect  fuel 
economy  and  emissions  data  from  all  132  taxicabs  operated  in 
revenue  service  for  120,000  miles.  The  66  taxicab  pairs  were 
divided  into  three  groups:  a group  of  26  pairs  operated  in  the 

Bronx,  a group  of  20  pairs  operated  in  Woodside  and  a group  of 
20  pairs  operated  in  Long  Island  City.  In  each  case,  the  group 
tested  was  part  of  a larger  number  of  taxis  (at  least  80)  being 
run  in  general  revenue  service,  and  the  test  cabs  were  dispatched 
and  run  in  the  same  manner  as  the  rest  of  the  taxis.  The  test 
period  covered  approximately  three  years  and  ended  in  April  1979. 


This  report  describes 
Details  of  the  taxis  used, 
are  given  in  the  following 
data  available  on  magnetic 


the  test 
the  test 
Section . 
tape  are 


procedure  and  results  obtained, 
plan,  data  analysis  and  results 
Details  on  the  extensive  test 
given  in  the  Appendix. 
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2.  TEST  PROCEDURE  AND  RESULTS 


2.1  OBJECTIVES  AND  IMPLEMENTATION 


The  objectives  of  the  program  were  to  compare  fuel  economy 
and  emissions  of  full-sized  diesel  vehicles  with  full-sized  gaso- 
line vehicles,  having  an  operating  performance  acceptable  for  use 
as  taxicabs  in  New  York  City.  On-road  records  of  fuel  usage  were 
obtained  for  normal  operating  shifts  in  fleet  service;  laboratory 
measurements  on  fuel  economy  and  emissions  by  the  Federal  Test 
Procedure  were  obtained  for  a selected  group  of  cabs  from  the 
fleet.  To  meet  these  objectives,  the  contractor  was  required  to 
operate  132  cabs  (66  diesel -powered  and  66  gasoline-powered),  for 
a service  life  of  120,000  miles.  The  cabs  were  alike  in  outward 
appearance  and  were  not  visibly  identified  as  cabs  participating 
in  the  fleet  test. 


Figure  1 shows  the  introduction  schedule  of  the  gasoline  and 
diesel  cabs  into  the  fleet.  All  the  cabs  experienced  the  same 
type  of  service  during  the  test  period.  Data  which  was  submitted  on 
punched  cards  and  magnetic  tape  to  TSC  on  a regular  basis  for 
analysis  included  the  miles  driven,  fuel  and  revenue  per  shift 
for  each  cab.  To  aid  in  verification  of  data  and  equivalent  use 
of  the  diesel  and  gasoline  cabs,  individual  trip  cards  and  copies 
of  maintenance  shop  orders  were  also  submitted  to  TSC.  Examples 
and  explanation  of  the  data  on  tape  are  given  in  the  Appendix. 

The  tapes  provide  a history  of  the  operation  of  these  fleets 
which  may  be  of  interest  to  researchers  interested  in  the  opera- 
tion of  taxicabs  in  a large  metropolitan  area. 
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FIGURE  1.  INTRODUCTION  OF  CABS  TO  ON-ROAD  TEST 


At  specific  accumulated  mileage  intervals,  laboratory  measure 
ments  were  made  on  selected  cabs  of  the  regulated  exhaust  emis- 
sions, highway  and  urban  fuel  economies,  and  diesel  exhaust  smoke 
by  the  New  York  City  Department  of  Air  Resources,  Brooklyn.  A 
total  of  80  tests  were  conducted  on  60  cabs.  An  analysis  of  the 
data  is  discussed  in  the  following  subsections. 

2.2  TAXICAB  DRIVE  CYCLE 

The  taxicabs  involved  in  the  test  were  driven  two  10-hour 
shifts  per  day,  seven  days  a week.  With  a 90  percent  utilization 
rate  of  the  vehicles  and  an  average  of  110  miles  per  shift,  the 
cabs  averaged  approximately  72,000  miles  each  year.  The  average 
speed  of  the  cabs  during  a shift  was  11  miles  per  hour.  Little 
is  known,  however,  about  the  specific  operating  mode  of  a New  York 
City  fleet  taxicab.  The  New  York  City  Department  of  Air  Resources 
developed  a driving  cycle  based  on  observed  speed  distributions  of 
vehicles  in  congested  Manhattan  traffic,  but  it  does  not  truly 
represent  taxicab  service  since  the  average  speed  is  only  7.1 
miles-per-hour . The  EPA  Urban  Cycle  with  its  average  speed  of 
19.1  miles  per  hour  is  also  not  representative.  However,  a 
Modified  Urban  Cycle  for  taxicabs  can  be  developed  from  the  EPA 
cycle  by  increasing  the  idle  times  in  the  cycle  by  a factor  of 
five.  This  modified  cycle  has  an  average  speed  of  10.5  miles  per 
hour,  closely  approximating  the  actual  11  mph.  The  proposed 
Modified  Urban  Cycle  for  cabs  and  the  EPA  Urban  cycle  are  shown 
in  Figure  2.  Computer  simulation  using  the  Modified  Urban  Cycle 
results  in  a gasoline  fuel  economy  very  close  to  the  actual 
measured  fuel  economy  of  the  gasoline  cabs. 

2.3  FUEL  ECONOMY  AND  EMISSIONS 

Fuel  economy  of  the  cabs  was  determined  from  the  mileage  accu 
mulated  and  the  fuel  usage  per  shift.  For  a selected  group  of 
cabs,  both  fuel  economy  and  emissions  were  measured  in  the 
laboratory  at  regular  mileage  intervals  over  the  EPA  Urban  and 
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FIGURE  2.  DRIVING  CYCLES 
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Highway  Cycles  by  the  New  York  City  Department  of  Air  Resources, 
Brooklyn.  A total  of  80  tests  were  made  on  60  cabs.  Sample  data 
sheets  from  these  tests  are  shown  in  Figures  3 and  4,  and  the  cabs 
involved  and  their  measurements  are  tabulated  in  Tables  1 through 
3.  Measurements  were  scheduled  at  specific  intervals;  however, 
since  vehicles  were  not  always  available  on  schedule,  the  mileage 
indicated  in  the  tables  is  within  +_  10,000  miles  of  stated  mileage. 
Table  1 shows  the  results  of  tests  on  gasoline  powered  cabs; 

Table  2 (emissions)  and  Table  3 (fuel  economy  and  smoke)  are  for 
the  diesel  cabs.  The  data  presented  for  emissions  and  fuel 
economy  were  derived  from  dynamometer  testing  according  to  the 
EPA's  Federal  Test  Procedure.  For  the  diesel  cabs,  smoke  (parti- 
culates) opacity  from  the  tail  pipe  was  measured  during  wide  open 
throttle  acceleration  from  0 to  40  miles  per  hour  on  the  dynamo- 
meter. The  smoke  meter  measured  the  optical  transmission  of  the 
exhaust  stream:  the  percent  transmission  subtracted  from  100 
percent  yields  the  opacity  of  the  exhaust  stream. 

The  three  fuel  economies,  on-road  service,  dynamometer  tests, 
and  computer  simulations  of  the  Modified  Urban  cycle,  are  shown  in 
Figure  5.  The  actual  mean  on-road  fuel  economy  varies  by  5 to  10 
percent  among  the  three  operator  fleets  and  also  shows  a seasonal 
variation  of  about  the  same  magnitude.  From  Figure  5,  the  Modified 
Urban  Cycle  differs  from  the  actual  fuel  economy  for  gasoline  cabs 
by  approximately  5 percent.  The  diesel  to  gasoline  fuel  economy 
ratio  is  2:1  for  the  Modified  Urban  Cycle  which  is  consistent 
with  road  tests  on  prototype  cabs  by  the  Metropolitan  Taxicab 
Board  of  Trade.  However,  actual  on-road  service  data  indicate  a 
ratio  of  fuel  economies  of  only  1.5.  No  specific  reason  for  this 
discrepancy  has  been  identified. 

The  fleet  operating  conditions  were  almost  identical  for  the 
gasoline  and  diesel  cabs  except  that  in  cold  weather,  the  diesels 
were  occasionally  started  one  half  hour  before  the  shift  start  by 
one  of  the  fleet  operators. 
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Test  no.  2760 


Date  3/2/78 


Vehicle  license  no.  98  86  TD  I.D.  no.  3R64 

Make  DODGE Model  CORONET Year  ' 76 

Special  control  features  Nissan  Diesel  Engine  No.  021879 

Test  program  54,113 

Driver  LG  Operator(s)  Data  reduction  


Exhaust  emissions  in  grams 

per  mile: 

1976  Federal  Urban  Driving 

Cycle 

Test 

Procedure 

Composite* 

Bag  1 

Bag  2 

Bag  3 

Federal 

Highway 

HC, 

Hydro- 
Carbons 
(Heated  FID) 

0.33 

0.46 

0.21 

0,45 

0,81 

CO, 

Carbon 

Monoxide 

1 ,28 

1.65 

1.03 

1.48 

2.26 

co2, 

Carbon 

Dioxide 

362.4 

303  . 9 

NOx, 

Nitrogen 

Oxides 

2.07 

2.03 

2.25 

1,78 

Dilution 
Factor : 

20.4 

Calculated 
Fuel  economy 
Miles/ gallon 

28,9 

34.1 

Remarks:  BUTLER- 064 -TEST  3-REPEAT 

* Bag  1 + 2 x Bag  2 + Bag 3 

4 

FIGURE  3.  SAMPLE  OF  EMISSIONS  TEST  RESULTS 


7 


“I  I I 1 I 

90  75  60  45  30  1 5 0 


TIME  (SECONDS) 


FIGURE  4.  SAMPLE  OF  SMOKE  TEST  RESULTS 
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TABLE  1.  FUEL  ECONOMY  AND  EMISSIONS,  GASOLINE  POWERED  CABS 
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TABLE  2.  EMISSIONS,  DIESEL  CABS 
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FIGURE  5.  COMPARATIVE  FUEL  ECONOMY  AS  A FUNCTION  OF  DRIVING  CYCLE 


The  EPA  Urban  Fuel  Economy  is  shown  in  Figure  6 as  a function 
of  the  mileage  accumulated  by  the  cabs  tested  by  the  New  York  City 
Department  of  Air  Resources.  The  points  are  shown  with  a band  of 
one  standard  deviation.  The  figure  indicates  a slight  decrease 
of  fuel  economy  with  vehicle  age,  but  when  the  error  band  is 
considered,  this  trend  is  uncertain. 

The  FTP  exhaust  emissions  measured  included  hydrocarbons 
(HC) , carbon  monoxide  (CO)  and  nitrogen  oxides  (NO  ) . In  addi- 

A 

tion,  the  diesel  cabs  were  measured  for  smoke  opacity.  Tests 
were  made  on  diesel  cabs  at  5,000,  25,000,  50,000,  80,000  and 

110.000  miles;  the  gasoline  cabs  were  tested  at  50,000, 

80.000  and  110,000  miles.  (The  initial  study  plan  did  not 
include  laboratory  tests;  these  commenced  at  the  end  of  1976 
when  the  gasoline  cabs  had  already  accumulated  about  50,000  miles. 

The  results  of  the  regulated  exhaust  emission  tests  of  the 
vehicles  at  specific  mileage  intervals  are  summarized  in 
Figures  7,  8,  9.  (The  5000-miles  points  for  gasoline  cabs  are 
assumed  to  be  those  obtained  by  the  EPA  for  the  Dodge  Coronet.) 

It  is  seen  that  the  level  of  regulated  emissions  (HC,  CO,  NO  ) 

A 

increased  with  the  age  of  the  cabs.  Since  the  starting  levels 
were  higher  and  the  rates  of  increase  were  greater  for  the  gaso- 
line engine  exhaust  emissions,  the  average  emission  levels  over 
the  life  of  the  cabs  were  three  to  six  times  higher  for  gasoline 
cabs  than  for  diesels.  Over  the  120,000  mile  test,  the  average 
diesel  cab  emitted  approximately  1000  lbs.  less  NO  , 6000  lbs. 
less  CO  and  600  lbs.  less  HC  than  the  gasoline  cab.  These  lower 
emissions  from  the  diesel  were  obtained  without  any  special 
emission  control  systems.  The  gasoline  cabs  on  the  other  hand, 
were  equipped  with  exhaust  gas  recirculation  (EGR)  and  catalytic 
converters.  The  opacity  of  the  diesel  exhaust  stream  as  a 
function  of  the  vehicles'  accumulated  mileage  is  shown  in  Figure 
10.  At  present,  there  are  no  regulations  pertaining  to  particu- 
late emissions  in  diesel  exhaust.  EPA  standards  are,  however, 
being  proposed  for  the  1981  model  year  vehicles.  It  is  generally 
agreed  that  opacities  of  the  exhaust  stream  of  5 percent  or  less 
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FIGURE  8.  CARBON  MONOXIDE  (CO)  EMISSIONS 
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FIGURE  9.  HYDROCARBON  (HC)  EMISSIONS 
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FIGURE  10.  SMOKE  OPACITY 
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are  invisible  under  the  best  viewing  conditions 
observer;  levels  between  5 and  10  percent  are  vi 
generally  detected  by  the  observer.  The  exhaust 
increased  steadily  over  the  120,000  mile  test  to 
approximately  10  percent  opacity.  Smoking  by  di 
which  have  a very  low  design  smoke  level  is  usus 
improper  fuel  system  adjustments  or  worn  fuel  no 
the  adjustments  were  sealed  to  prevent  tampering 
that  the  smoke  increase  was  caused  by  worn  nozzl 
examination  of  the  nozzles,  however,  was  not  inc 
study  plan. 
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3.  CONCLUSIONS 


The  study  of  the  performance  of  diesel  taxicabs  in  fleet 
operations  was  successful  in  meeting  the  project  objective  of 
gathering  fuel  economy  and  emissions  data  which  could  be  used  to 
assess  the  impact  of  the  partial  or  complete  dieselization  of  the 
taxi  fleet  in  a large  metropolitan  area.  Some  uncertainty  results 
from  the  use  of  a single  model  diesel  cab  and  its  comparison  to  a 
single  model  gasoline  cab;  this  was  accepted  in  the  study  concept. 
The  following  conclusions  can  be  drawn  from  the  study: 

1.  The  diesel  taxicab  fleet  showed  a 50  percent  improvement 
in  fuel  economy  relative  to  the  gasoline  fleet. 

2.  The  exhaust  emissions  of  the  diesel  fleet  were  lower 
and  remained  lower  than  those  of  the  gasoline  fleet 
over  the  120,000  mile  test.  Measured  Diesel  partic- 
ulates from  the  cabs  were  at  a low  level  as  indicated 
by  opacity  readings  of  the  exhaust  stream. 
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APPENDIX 


STRUCTURE  OF  MAGNETIC  TAPE  RECORDS 

The  data  collected  in  this  study  is  available  on  magnetic 
tape.  The  data  has  a record  length  of  34  bytes,  is  EBCDIC  coded 
with  24  record  blocking,  800  BPI  density  and  9 tracks.  The  records 
are  sequential  with  the  hierarchy  of  year,  month,  car,  day  and 
shift.  A sample  block  is  shown  in  Table  Al. 

The  integer  string  comprising  a record  is  interpreted  with 
the  Fortran  format  II,  312,  211,  513,  215.  The  order  of  the 
individual  data  variables  is:  company  ID,  month,  day,  year,  shift, 
fuel  type,  car  number,  trips  during  the  shift,  units  during  the 
shift,  miles  traveled,  fuel  used,  fares  collected,  and  driver  ID. 
The  company  ID  is  a dummy  variable  with  a range  of  1 to  3.  The 
day  and  month  are  self-explanatory.  The  year  has  the  range  76 
through  79.  The  fuel  type  is  a dummy  variable  with  0 for  gasoline 
and  1 for  diesel.  The  fuel  type  is  redundant  with  car  number  since 
the  fuel  type  is  specific  for  car  number  and  was  generated  from 
it.  The  car  numbers  range  from  1 through  132. 

Trips  during  the  shift  were  measured  by  a meter  which  is 
incremented  by  1 digit  each  time  the  flag  was  lowered  on  the 
meter.  The  units  are  also  read  from  the  meter  and  are  the  number 
of  fare-increasing  milage  - increments  accumulated  during  a trip. 
Miles  traveled  are  in  whole  miles  and  are  the  total  miles  traveled 
during  the  shift,  including  miles  with  and  without  passengers. 

Fuel  added  is  in  tenths  of  a gallon.  Fares  are  in  cents  and  can 
be  calculated  with  the  proper  formula  from  the  trips  and  units, 
but  were  entered  explicitly  here.  The  driver  identification 
number  is  a dummy  number  used  to  identify  a driver  and  at  the 
same  time  assure  his  anonymity.  It  is  possible  that  2 drivers 
of  the  estimated  500  involved  may  have  identical  dummy  numbers. 
Drivers  from  Company  1 were  not  identified  as  individuals  and  all 
have  the  same  dummy  ID  number. 
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A sample  of  monthly  data,  reformatted  and  labelled  is  shown 
in  Table  A2 . It  is  possible  that  records  may  contain  errors  in 
some  parameter  values  since  the  data  were  entered  manually.  The 
trips,  units,  revenue  and  driver  ID,  however,  are  very  reliable  < 
because  this  data  is  used  by  the  taxi  fleets  to  calculate  payrolls 
and  is  screened  for  errors  internally  by  the  fleet  operators. 

The  car,  shift,  day,  month  and  year  have  also  proven  to  be 
accurate  even  though  the  internal  screening  by  the  fleet  operators 
may  not  be  as  well  suited  for  detecting  errors.  The  miles  driven 
and  fuel  consumed  are  the  least  accurate  data  items  as  they  are 
used  by  the  fleet  operators  only  for  qualitative  checks  on  driver 
performance . 

Whenever  the  designation  99.9  appears  in  the  printout 
(indicated  by  arrows  in  Tables  A1  and  A2) , it  implies  that  no 
fuel  was  added  at  the  end  of  a shift.  In  such  a case,  the  fuel 
economy  was  calcualted  from  the  fuel  added  at  the  end  of  the 
subsequent  shift  and  the  combined  mileage  of  both  shifts.  As  a 
check,  no  values  of  fuel  economy  less  than  8 mpg  and  greater  than 
24  mpg  were  accepted. 
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